Abstract: Coracoid fractures are a frequent presentation in wild birds, commonly caused by collisions with motor vehicles, windows, or other obstacles such as pylons. Despite this, there are few reports of outcomes, and those published consist of small numbers of birds with conflicting results when comparing conservative management with surgical intervention. To determine outcome success of conservative management in a larger population of wild birds, records of 232 adult wild birds in the United Kingdom (UK) with closed unilateral coracoid fractures confirmed on radiography and surviving more than 48 hours after admission were retrospectively analyzed. Conservative management had a high success rate, with 75% (n ¼ 174/232; 95% confidence limits [CL]: 69%, 80%) of all birds successfully released back to the wild. The proportion of raptors successfully returned to the wild was even higher at 97% (n ¼ 34/35; 95% CL: 85%, 99%). A significant difference of 26% (95% CL: 18%, 34%, Fisher exact test, P , .001) was demonstrated when comparing the outcome success of raptors (97%, n ¼ 34/35) to nonraptors (71%, n ¼ 140/ 198). The median time in captive care until released back to the wild was 30 days (95% CL: 27, 33). Conservative management of coracoid fractures in wild birds in the UK, and in particular in raptors, appears to result in good outcomes. The approach is low cost and noninvasive, in contrast to surgery, and is recommended as the first-line approach of choice in these cases.
Introduction
In flying birds, the coracoid acts as a supporting strut between the wing and sternum. 1, 2 Coracoid fractures are a common presentation in wild birds. They frequently result from collisions with motor vehicles, windows, or other obstructions such as pylons, 3, 4 and affected birds are unable to gain lift. [4] [5] [6] Despite the common presentation of this injury, the small number of previous studies on treatment outcomes have been limited by the low numbers of birds managed conservatively, and reports with conflicting findings. 4, 6 Scheelings 4 reported an 89% (n ¼ 16/18) success rate for birds' return to the wild for conservatively managed coracoid fractures, whereas Holz 6 reported only a 22% (n ¼ 2/9) success rate. The remainder of the publications on treatment outcomes from this injury are predominately single surgical case reports 7, 8 or expert opinion clinical experience reviews [9] [10] [11] [12] ; the Oxford Centre for Evidence-Based
Medicine ranks such papers as providing the lowest level of available evidence by which to make informed clinical decisions. 13, 14 Conservative management of fractures in wild birds holds multiple advantages, such as low cost in comparison to surgery; lower stress for wild birds undergoing rehabilitation for return to the wild, with likely reduction in stress-associated comorbidities 15 ; no risk of postoperative complications such as wound infections or dehiscence; and reduced anesthesia risk, as anesthesia is only required briefly for radiographic diagnosis. 4, 16, 17 Less time is also needed to treat an individual by veterinarians involved, freeing up resources to treat other cases. Some authors only recommend conservative management of coracoid fractures in birds weighing less than 300 g. 1, 4, 5, 18 Coaptation, such as with a figure-of-8 bandage to immobilize the wing to the body, has been reported as useful, 5, 18, 19 but prolonged immobilization of wings risks changes such as propatagium contraction and a decreased elbow range of motion. 20 Schelling's study did not utilize coaptation in any of the 16 birds successfully returned to the wild after conservative management. 4 This study aimed to evaluate the outcomes of conservatively managed coracoid fractures in a larger study population than in previous studies, with the calculation of confidence limits (CL) relevant for future evidence-based clinical decision making and to aid in comparison with previous studies and any other future study outcomes with different sample sizes.
Materials and Methods
Wild birds in the United Kingdom (UK) admitted for treatment, rehabilitation, and return to the wild were selected for this study. All birds were rehabilitated in a single center (Scottish Society for the Prevention of Cruelty to Animals National Wildlife Rescue Centre, Fishcross, Clackmannanshire) for consistency. Adult birds surviving more than 48 hours after admission and with closed unilateral coracoid fractures confirmed on radiography were included. Birds that had been shot or had other long bone fractures were excluded, as were birds with luxation of the shoulder, elbow, or any other joints. Only birds with mild to moderate or no wing droop (''dropped shoulder'') were included. Any bird with a wing droop to the extent of primary feathers actually touching or dragging on the ground were excluded to aid in eliminating cases where neuropathies or feather damage could inadvertently influence outcome. Fracture severity was classified in 3 grades to determine if these influenced outcomes: 1) minimal displacement, simple fracture; 2) moderate displacement of fracture ends, or comminuted fracture with up to 3 fragments; and 3) severe displacement of fracture ends, or moderate displacement with comminuted fracture.
Birds were managed by initial cage rest for 2-3 weeks. Standard analgesia used was meloxicom (0.2 mg/kg PO q24h for 7 days, but in individual cases, a higher dose or longer treatment period was used, depending on the individual clinician's assessment. 21, 22 Birds were housed individually in cages too small to allow any flight, and in the case of raptors, too small to allow the wings to be fully extended. No birds were treated with any type of external coaptation, such as figure-of-8 bandages, regardless of presence of evident wing droop. Most birds were housed in plastic cages, 40 3 40 3 40 cm (15. 7 3 15.7 3 15.7 in), with larger birds kept in cages 80 3 80 3 80 cm (31.5 3 31.5 3 31.5 in). Although raptors were medicated in their food, all other bird species required handling for medication. During initial cage rest, all birds were handled once daily for the cages to be cleaned and surfaced, and fresh food provided, with medication administered at the same time. After the second week, birds were given a weekly flight test, and once flying reasonably and able to gain lift, they were moved to seclusion aviaries to build strength. Raptors were moved to individual aviaries, whereas other birds were placed in group aviaries to limit stress during rehabilitation.
After a successful flight test in a 15-m (49.2-ft) corridor flight, all birds had a minimum of 1 week in either an individual (raptors and larger birds) or social aviary (songbirds and Columbiformes). Slow-motion video recordings of raptors were assessed to confirm birds were suitable for release and to identify any abnormal wing motion or use (iPhone 6, Apple, Cupertino, CA, USA). In all cases, a visual assessment was made of the birds' ability to gain lift, sustain flight, maneuverability, and ability to alight accurately on a perch from flight. A proportion of the raptors admitted had leg rings (bands), and outcomes of these birds were monitored through British Trust for Ornithology ring returns. Live vertebrate prey testing (for ability to capture live prey) is illegal in the UK under the Animal Welfare Act of 2006, and hence this is not part of wildlife rehabilitation in this country.
Statistical analysis was performed with a statistical software package (Minitab 17, Minitab, State College, PA, USA), and Confidence Interval Analysis for Windows 2.2.0 (University of Southampton, Southampton, UK). The normality of data was tested by Anderson-Darling tests. Where data were not normally distributed, nonparametric analysis was performed. Statistical significance was set at an alpha level of .05.
Results
A total of 232 wild birds comprising a range of species met the criteria for inclusion in this study. Conservative management showed a high success rate (Table 1) , with 75% (n ¼ 174/232; 95% CL: 69%, 80%) of all birds successfully released back to the wild. This is compared with results of findings of previous studies in Figures 1 and 2 . The proportion of raptors successfully returned to the wild was even higher at 97% (n ¼ 34/35; 95% CL: 85%, 99%,). The percentage of successful outcomes of conservative management was significantly higher in raptor (97%, n ¼ 34/35) than in nonraptor species (71%, n ¼ 140/198). This difference of 26% (95% CL: 18%, 34%) between the 2 groups was significant (Fisher exact test, P , .001). No British Trust for Ornithology leg ring returns from dead birds were reported within 2 months of release. Individual species and the numbers seen that were included in this study are listed in Table 2 .
No significant correlation was found between the severity grade of fracture and outcome (Pearson correlation coefficient, r ¼ 0.27, P ¼ .48). There was also no significant correlation between birds with or without a dropped shoulder and outcome (Pearson correlation coefficient, r ¼ 0.10, P ¼ .80).
The median time in captive care until release back to the wild was 30 days. Interestingly, for raptors the median time was 25.5 days (95% CL: 24, 27) compared with 32 days (95% CL: 30, 36) for nonraptor species. The median difference of 7 days (95% CL: 1, 11) was significantly different between the 2 groups (Mann-Whitney test, W ¼ 1856, P , .02). The difference was even more pronounced Table 1 . Successful release rate with 95% confidence limits (CL) and SE after rehabilitation by species group for all wild birds with coracoid fractures that were admitted to a wildlife rehabilitation facility and treated with nonsurgical conservative management. Figure 1 . Release rate outcomes (%) and 95% confidence interval (bars) of conservative management of coracoid fractures in wild birds admitted to a wildlife rehabilitation facility in the UK (this study) compared with outcomes of previous studies and previous studies combined. 4, 6 Figure 2. Release rate outcomes (%) and 95% confidence interval (bars) for surgical management of coracoid fractures for previous studies as well as for previous studies combined. 4, 6 between raptors and Columbiformes (Fig 3) , which had a median time to release of 35.5 days (95% CL: 32, 47). The median difference of 11 days (95% CL: 6, 16) between the 2 groups was also significant (W ¼ 1136, P , .001).
Discussion
The results of this retrospective study were in line with those of Scheelings, 4 who reported that 89% (n ¼ 16/18; 95% CL: 67%, 97%) of conservatively managed birds with corocoid fractures were successfully rehabilitated and released back into the wild, rather than with those of Holz, 6 who reported a successful release rate of only of 22% (n ¼ 2/9; 95% Cl: 6%, 55%) for conservatively managed fractures. In the much larger group (N ¼ 232) in our retrospective study, the release rate of 75% (n ¼ 174/232; 95% CL: 69%, 80%) was lower than that of Scheelings' group. However, the apparent difference (À20%) in release rate between our study and Scheelings' 4 did not reach statistical significance when performing confidence limit analysis of the difference in proportions for these 2 separate studies (95% CL: À24%, 8%; P . .05) The release rate of conservatively managed birds in this study was comparable to those reported for birds treated surgically by Holz, 6 who also had a 75% release rate (n ¼ 6/8; 95% CL: 41%, 93%), although this was a notably smaller sample size (Figs 1 and 2) .
Although some authors have recommended coaptation, such as figure-of-8 bandaging, for coracoid fractures, others have concluded this to be unnecessary. 4 The avian coracoid is surrounded by a large muscle mass that appears to provide sufficient stability on its own. It remains for future studies to demonstrate if results of conservatively managed coracoid fractures that are additionally provided with coaptation bandaging differ either clinically or statistically from those managed without coaptation. In addition to analgesia and cage rest, coaptation entails increased time, costs, and handling of affected birds, with the associated increase in stress.
The differences between surgical treatment success rates in the 2 previous studies may have been influenced by several factors, including differences in surgical experience, techniques, and available equipment. The findings of our study, that rates of release for conservatively managed cases were comparable to the best outcomes previously reported for surgical cases, lends weight to the recommendation that conservative management of these fractures should be the initial treatment of choice in most cases, irrespective of body weight. These findings may hold relevance for captive birds, such as zoo raptors that encounter Table 2 . Native wild bird species of the UK included in this study of release rate after nonsurgical conservative management of coracoid fractures. coracoid fractures. These birds may not require the same athletic perfection as wild raptors, even when used in flight displays, but the lower number of cases in a zoological collection, combined with a higher perceived value of the individual animals, could favor a surgical approach to these cases management in some zoos, due to previous conflicting evidence. 4, 6 The difference in time to release for raptors was likely because of their individual management (as compared with nonraptors), including their prerelease monitoring in individual aviaries. Most other birds, including all Columbiformes, were kept in groups in aviaries after their initial cage rest to reduce stress, and then released as a group. An individual bird may well have been suitable for earlier release, but this did not happen because of the batch release policies employed. As a result, the difference in time to release between raptors and other species groups may be artefactual and not a result of more rapid healing in raptors. This is consistent with findings from other studies. 4 Heavier bird species, such as geese and gulls, had a slightly poorer success rate than other birds. Different authors have conflicting opinions as to whether or not body weight is an accurate predictor of the success of conservative management of coracoid fractures. 4, 6 Outcomes of heavybodied birds in this study were still acceptable and provide support for this low-cost treatment of some nonraptor species that may otherwise not be treated surgically in situations with financial or surgical constraints.
Species n Common buzzard (Buteo
In this study, raptors had a notably higher rate of successful release than other smaller birds. This may have been a result of the ease with which other injuries, such as shoulder luxations, could be easily detected in raptors on clinical examination, via palpation and radiographs, because of their size, whereas this was more difficult to assess in some Columbiformes and small passerine species. Because all birds of different species were handled equally once daily, handling likely had no additional impact on the outcomes and is not believed to account for the difference in time to release in bird species.
While no dead returns were encountered within 2 months of release, in common with most individual wildlife rehabilitation releases, the exact long-term outcome of most birds is unknown. Detailed postrelease monitoring of birds, as for any wildlife rehabilitation intervention, would help evaluate longer-term postrelease survival, to better inform decision making on the management of coracoid fractures in different avian species. 4 Conservative management of closed coracoid fractures in birds without significant wing droop, with cage rest and analgesia, appears to yield a good success rate, irrespective of fracture severity, and is recommended as the first-line treatment of choice for most cases. The long-term postrelease survival of these cases in the wild is unclear. These findings may also be relevant to the management of captive birds, such as those held in zoological collections or used for falconry.
